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SUMMARY 


A  design  for  an  electric  drive  for  the  Ml  13A2  based  oji  available  state-of-the-art  coni  jh  incuts 
is  proposed.  The  proposed  electric  drive  has  a  sjiecific  weight  of  almut  9  lh/hp.  Efforts  were 
made  to  make  this  estimated  weight  as  realistic  as  possible;  auxiliary  components  such  as  field 
supply,  cooling  system,  braking  resistor,  and  controls  account  for  I  lh/hp  and  miscellaneous 
items  add  another  0.44  lh/hp. 

As  proposed,  the  vehicle  design  for  the  M113A2  meets  the  standard  military  requirements 
and  is  capable  of  40  mi/h  and  a  maximum  sprocket  torque  of  17,000  fl-lh.  It  lias  no  separate 
wate*-  propulsion  system;  however,  a  water  propulsion  system  powered  by  the  alternator  can  lie 
added  without  disturbing  the  land  propulsion  system. 

The  drive  train  consists  of  a  Detroit  Diesel  6V-53T  engine,  a  Westinghouse  500-kVA  alter¬ 
nator.  an  air-cooled  rectifier,  and,  on  each  side,  a  GE  90-hp  d.e,  drive  motor  driving  the  track 
through  a  Funk  two-speed  gearhox  which  is  coupled  to  the  existing  final  drive.  The  field  ex¬ 
citation  for  the  drive  motors  is  supplied  by  a  Bendix  48- V  brushless  d.c.  generator  driven  by 
the  vehicle  engine. 

The  layout  of  the  major  components  is  similar  to  the  standard  Ml  13.  The  engine  remains  in 
the  same  place  and  drives  the  500-kVA  alternator  with  a  belt.  The  alternator  is  mounted  in 
place  of  the  existing  transmission.  The  two  drive  motors  and  gearboxes  will  replace  the  existing 
differential. 

The  operator  controls  appear  to  be  conventional  to  the  operator.  They  are  accelerator,  brake, 
shift,  and  steering  wheel.  However,  control  is  accomplished  by  the  use  of  a  micro-computer. 
Operator  inputs,  as  well  as  other  inputs  from  the  vehicle,  are  fed  into  the  computer  which  then 
sets  the  proper  engine  speed,  generator  voltage,  motor  field,  etc.  The  vehicle  is  capable  of 
regenerative  steering  and  has  both  electric  resistive  braking  and  hydraulic  disc  brakes. 


Specific  weight  reduction  opportunities  are  identified  that  could  reduce  th'e  weight  of  the 
proposed  system  by  1.1  lh/hp.  Additional  areas  of  technological  development  that  would  lie 
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DESIGN  AND  INTEGRATION  OF  AN  ELECTRIC  TRANSMISSION  IN  A 


300-HORSEPOWER  MARINE  CORPS  AMPHIBIOUS  VEHICLE 

I.  INTRODUCTION 

1.  Background.  This  report  summarizes  a  MER.4DC0M  preliminary  design  of  an 
electric-drive  demonstrator  using  an  Ml  13.42  as  a  surrogate  for  a  new  Marine  Corps  Amphi¬ 
bian.  The  work  was  funded  by  the  Marine  Corps  Programs  Offiee  at  tiie  David  W.  Tavlor 
Naval  Ship  Researeh  and  Development  Center  as  a  part  of  their  exploration  of  alternative 
drive  trains  for  future  amphibious  vehicles. 

2.  Scope,  it  is  worthwhile  to  discuss  the  scope  of  this  effort  and  its  relation 
to  an  earlier  competitive  solicitation  for  the  development  of  an  electric-drive  train.  Our  effort 
was  relatively  compressed  in  time  and  limited  ill  the  scale  of  the  investigations.  Consider:  hie 
emphasis  has  I»een  placed  on  experience,  engineering  judgment,  and  even  intuition  in  arriving 
quickly  at  a  design  we  believe  will  meet  both  the  Marine  Corps  near-term  goal  for 
demonstrating  the  performance  of  an  electric  drive  and  offer  significant  opportunity  for  per¬ 
formance  growth.  At  the  outset  this  investigation  was  limited  to  a.e.  generators  ami  d.e.  drive 
motors.  Furthermore,  the  water  propulsion  aspects  of  the  competitive  statement  of  work  has 
been  eliminated  from  consideration,  although  such  a  requirement  is  fully  compatible  with  the 
approaches  considered. 

The  work  was  done  during  the  fall  of  1982.  Our  thrust  was  to  locate  state-of-the-art 
components  and  to  combine  them  into  an  electric-drive  design  that  would  meet  the  Marine 
Corps  goals  for  performance,  light  weight,  aud  low  space  claim  and  that  could  be  built  and 
tested  in  the  immediate  future  at  a  moderate  cost.  The  effort  was  structured  this  way  to  em¬ 
phasize  development  of  electric-drive-train  technology  as  a  whole.  The  initial  demonstration 
would  establish  the  capability  of  satisfying  the  Marine  Corps  near-term  goals  with  an  electric 
drive,  it  would  also  provide  information  needed  to  guide  the  electric-drive  technology  develop¬ 
ment  needed  to  realize  potential  improvement  in  performance. 

II.  INVESTIGATION 

3.  Requirements.  The  initial  requirement*  for  the  Ml  13  vehicle  were  as  follows: 

Gross  Vehicle  Weight:  28,000  lb. 

Tractive  Effort  to  Weight  Ratio:  0.89  (25.000-lh  tractive  effort). 

Engine:  6V-53T.  300  blip  @  2800  r/miii. 

1 


Rolling  Resistance:  Assume  1200  Hi  constant. 


Gradaliility:  60%  longitudinal:  40%  transverse. 

Maximum  S|>eed:  45  mi/li  on  land  (7BH  r/min  on  a  9.6-ill.  rolling  radius). 

10  nii/h  in  water  |45(X)  Hi  thrust). 

Sprocket  Torque:  1 0.(KX)  ft-Hi  jht  side. 

Steering:  Fully  variable,  fully  regenerative. 

Braking:  16  ft/s*  dynamic.  statie  for  60%  grade. 

Acceleration:  0-20  mi/h  in  5  s. 

0-45  mi/h  in  45  s. 

Life  Cycle:  2400  h  at  specified  duty  cycle. 

Weight:  3000  Hi  or  less. 

Efficiency:  200+  sprocket  horsepower  available  over  90%  of  the  speed  torque  range. 

Environmental: -25°  to  +124°  F;  10%  to  100%  humidity. 

Based  on  observations  made  at  the  GE,  Dalton.  Massachusetts,  Test  Track,  instructions  from 
the  Marine  Corps  were  to  decrease  sprocket  torque  and  maximum  speed  to  8500  ft-lb  j>er  side 
and  40  mi/h  fur  purposes  of  this  investigation. 

In  addition,  the  water  propulsion  requirement  was  eliminated  for  this  investigation. 

Four  of  the  most  severe  operating  conditions  were  added  to  the  requirements  as 
specific  cases.  These  are: 

a.  Low  Speed,  Straight  Ahead,  60%  Grade. 

Left  Sprocket  Right  Sprocket 

+  40  r/min  +40  r/min 

+  47  hp 


+  6200  ft-lb 


+  6200  ft-lb 


+  47  hp 


b.  High  Speed.  Straight  Ahead.  0°7o  Grade. 

l<-f  Sprocket  Right  Sprocket 

+  750  r/min  +750  r/niin 

+  120  hj»  +  120  lip 

+  850  ft-lb  +850  ft*lli 

c.  Low  Speed.  Clockwise  Pivot  Turn  in  Soft  Soil.  0°7o  Crude. 

I  .eft  Sprocket  Right  Sprocket 

+  10  r/min  -10  r/min 

+  17  lip  +  17  lip 

+  0000  ft-ll»  -0000  ft-ll. 

d.  High  Speed,  Clockwise  Turn,  0°7o  Grade. 

Left  Sprocket  Right  Sprocket 

+  770  r/min  +740  r/min 

+  293  hp  -113  hp 

+  2000  ft-lb  -800  ft-lb 

4.  Drives  Considered.  Two  systems  will  Ik*  discussed,  one  using  three  motors  per  side 
driving  through  a  combining  gear  and  the  other  using  one  motor  per  side  with  the  two  motors 
mounted  one  above  the  other  in  the  front  center  of  the  vehicle  in  pla-e  of  the  differential  steer¬ 
ing  unit.  The  two  systems  are  shown  in  Figures  1,  2,  and  3. 

5.  Description  of  System.  All  major  components  of  the  electric-drive  system  and  their 
interconnections  are  shown  in  Figure  4.  The  system  consists  of  a  diesel  engine  driving,  through 
a  speed  increases  one  alternator.  The  output  of  the  alternator  is  rectified  in  a  three-phase  full- 
wave  rectifier,  and  ihe  d.c.  output  of  the  rertifier  is  fed  to  the  motors  via  a  two-position  switch 
such  that  the  motors  can  he  connected  to  the  hraking  grid.  The  broken  lines  from  components 
to  the  control  box  denote  control  lines  for  the  most  important  control  functions.  These  func¬ 
tions  are  engine  speed,  alternator  field  current,  motor  field  currents,  gear  shift,  and  dynamic 
hraking.  All  control  power  is  supplied  by  the  battery  and  battery  charger,  and  motor  field 
power  is  supplied  hy  a  small  generator  which  is  belt-driven  from  the  engine. 
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Two-motor  electric-drive  system. 


Figure  3.  Two-motor  installation  in  an  M113A2  A  PC 


Figure  4.  Drive  system  schematic. 


6.  Description  of  Components. 

a.  Engine.  The  engine  is  a  Detroit  Diesel.  6Y-53T.  capable  of  delivering  300  blip 
at  2800  r/niin. 

b.  Alternator.  In  order  to  demonstrate  electric  drive  for  a  tracked  vehicle  at  reasonable 
cost.  great  emphasis  has  been  placed  on  selectin';  components  on  hand  or  in  regular  produc¬ 
tion.  For  the  safety  of  personnel  it  is  desirable  to  keep  the  system  voltage  at  a  level  as  low  as 
possible.  However,  the  lower  the  voltage,  the  higher  the  current  will  he.  In  both  designs  to  he 
discussed,  maximum  motor  current  will  he  HUM)  A  or  a  total  of  2(MM)  A  in  order  to  pet 
1  T.OOO-ft-ID  total  sprocket  torque.  For  three  motors  per  side  maximum  voltage  will  he  300  V, 
and  for  one  motor  per  side  it  will  he  120  V. 

The  alternator  selected  lor  the  demonstrator  is  a  500-kYA  ^estinghonse  alternator 
of  the  same  type  as  that  used  in  the  M  1 13  demonstrator  made  by  the  FMC  Corporation.  This 
alternator  is  on  hand  at  MKRADCOM.  and  recent  tests  at  .MERADCOM  show  that  it  is  capable 
of  delivering  2000  A  at  4000  r/niin.  which  corresponds  to  1250  r/niin  engine  speed.  The  alter¬ 
nator  wiF  be  belt-driven  as  in  the  FMC  demonstrator  (UvvE  Paper  No.  600442.  May  1969).  The 
weight  of  this  alternator  is  430  lb. 

For  future  electric-drive  systems,  a  weight  saving  of  280  lb  can  he  realized  by 
using  two  Hendix  type  28B329-1  brushless  alternators.  This  alternator  is  an  oil-cooled 
150-kVA  machine  (see  Appendix  A  for  description).  For  this  application  the  machine  could  he 
wound  for  half  the  usual  voltage,  which  w  ill  double  its  usual  current  capability.  The  two  alter¬ 
nators  would  be  driven  through  a  speed-increasing  combining  gear  box  and  mechanically  ar¬ 
ranged  so  that  their  phase  voltages  will  add  arithmetically.  The  system  could  still  be  used  as  a 
400- Hz  mobile  electric  power  plant  w  ith  the  standard  output  of  120/208  V.  when  the  phases  in 
the  two  machines  are  series-connected. 

e.  Rectifier.  The  rectifier  is  a  three-phase  full-wave  bridge  and  there  are  three 
choices  of  units: 

11}  Foreed-air-cooled.  The  Westinghonsc  PDA7B7SOI6  in  a  lhrpe-phase  full- 
wave  bridge  arrangement  can  supply  in  excess  of  2000  A  if  60°  (i  or  less  inlet  air  is  delivered 
over  the  heat  sink  at  500  lin  ft/inin,  A  straightforward  arrangement  of  these  assemblies  would 
be  about  18  in.  wide  l>\  15  in.  high  by  7  in.  deep  and  would  weigh  50  lb.  Required  airflow 
would  be  about  400  ft’/miu.  Air  duets  and  cooling  fans  wilt  lie  required  in  addition. 

(2)  Natural  Convection  Cooling.  The  Wrslinghmise  PI)A9R9(I022  is  a  typical 
natural  convection  air-cooled  assembly.  These  assemblies  are  rated  at  2000  A  in  ambient  air  at 
55°  (1.  An  arrangement  of  these  assemblies  would  occnpv  a  space  32  in.  wide  hv  18  in.  high  hv 
7  in.  deep  and  would  weigh  about  1 10  11 1. 


(3)  W  ntcr-coolcd.  \\  cstiii"lioiM>  l*l)W7K720  a-'emldie-  are  *ufficiciit  to  deliver 
in  excess  of  3000  \  with  a  cooliii"  water  flow  of  I  "al/miii  |»i'r  a-seinhk  <3  "al/miii  total)  at 
«)°  C  inlet  temperature.  The  liasie  assemhlv  wonlil  omipx  a  »pucc  10  in.  wide  In  12  in.  hi"h 
by  ft  in.  deep  and  wmihl  wei"h  about  2a  Hi. 

A  modified  -trnetnre  eon  Id  he  reduced  to  10  in.  h\  0  in.  In  ft  in.  \  coolant 
dislrilmtion  manifold.  |iinnp.  heal  exchanger.  and  fan  |nr  flow  in •;  nirl  are  ako  reipiired.  I'lie-e. 
with  the  coolant,  would  add  an  additional  .30  Hi  to  the  rectifier  »\»lcni  weight. 

\  natural  coin  eel  ion  unit  i-  reeonimeiided  lor  the  demon-lrator  for  simpliritv. 

d.  Drive  Motor*.  The  first  approach  ua*  to  n*e  three  GK  model  .Tit A  101  S3 
motor*  per  side.  mainly  due  to  \IER  ADGOM’s  experience  with  thi«  motor  and  lieean-e  lire 
were  on  hand.  The  motor  i.»  rated  10  hp.  8000  r/inin.  Oft  \  .  .313  \  continuous  duly.  \  -eric*  of 
tests  performed  in  lOftO  at  the  GL  plant.  Krie.  I’cnnsv kauia.  established  short  lime  rating*. 
Result!*  of  the  GE  tests  show  that  the  motor  is  capable  of  I0(l-ftdh  shall  loripie  for  I  minute 
(Appendix  B).  To  "el  8300-ftdh  sprocket  loripie  front  a  three-motor  drive  asscmhk.  a  total  "ear 
ratio  of  28: 1  is  recpiired.  It  was  derided  to  obtain  this  ratio  with  a  2.8: 1  cnmhiuiii"  "car  for  the 
three  motors,  a  2.3:1  planetary  "ear  which  can  lie  shilled  to  a  1:1  ratio,  and  the  present  1:1 
final  drive.  Estimates  of  size.  vvci"lil.  and  volume  for  the  "ear  calculated  In  David  I*,  Gni- 
mand  are  in  Appendix  G.  GEAR  DESIGN  GAEGCLATIONS.  Kstimaled  size  ami  weight  of 
one  unit  eonsistiii"  of  three  motor  and  the  "ears  will  then  lie  26.4  in.  Ion",  iinixiimnn  width 
18.6  in.,  and  total  weight  571  ll>  (see  Figure  1|.  W  hen  we  eontaeted  GK.  we  learned  that  the 
BY401  motor  is  no  longer  in  regular  production  but  could  still  hr  innuiifacliired  at  siilistanlial 
cost.  However,  a  new  line  of  d.c.  motors  for  electric  ears  and  forklift  trucks  i*  now  heiii" 
manufactured.  One  of  these  motors,  the  BT2378.  was  seleeted  for  a  final  dcsi"ti.  This  motor  is 
a  90-hp.  5200- r/m in.  120-V.  61 1- A  machine  capable  of  50(MVII>  shall  loripie  for  1ft  min  and 
120-lip  for  .30  min  from  a  cold  start.  Computer  runs  were  performed  at  GE  for  eijjhl  different 
shunt  field  voltages  "kill"  shaft  toripie.  revolutions  jier  minute,  horsepower,  and  efficiency  as 
a  function  of  armature  current  (Appendix  I)).  Lsin"  these  data,  the  vehicle  performance  can  he 
estimated. 

Several  distinct  advantages  are  obtained  by  iishi"  this  motor  compared  to  the 
BA  401  motor:  efficiency  is  hi  "her.  91 ,6  percent  compared  to  86.2  percent:  maximum  voltage  is 
120  V.  where  .300  V  would  he  reijiiired  for  three  BA  fOl-  in  series:  momitin"  i*  more  eusilv  tie- 
eoniplislied;  and  there  will  lie  more  room  for  the  brakes.  Ki*iure«  2  and  .3  show  the  momitin"  of 
the  two  motors  and  associated  "ears.  An  additional  advantage  when  the  arrangement  >hown  is 
used  is  that  the  end  hells  of  the  two  motors  and  the  honsiii"  of  the  lir*t  reduction  "ear  can  lie 
made  one  casliii"  and  thus  coutrihiite  to  a  verv  soliil  unit. 


The  total  gear  r.ilin  wilt  in  tlii-  ca-e  Im*  20; I  in  low  and  7.  t:  t  in  1 1  i uli  gear. 
Total  weight  |mt  «ide  for  motor  and  gears  w  ill  Im*  675  Hi.  based  on  I  HO  lb  for  gears  estimated 
In  Knnk  Manufacturing  ( iompanv  ,< ih  was  contacted  lor  an  estimate  of  cost  and  defivcrv  tilin' 
and  liotli  arc  verv  reasonable.  Rcrnlix  t\u«  al*o  contacted  Imt  only  for  tin*  small  motor  similar 
to  tin'  <1K  in  101:  they  i |nolrd  a  substantial  oo-t  for  development  and  ilelivcrv  of  «ix  motors 
(M-r  Appendix  \|. 

Kxcitntinn  power  for  the  motors  wifi  lie  delivered  from  a  hrii'ldess  il.e.  generator. 
"Ill is-  generator  is  a  t\|>c  TOIfl  ld-0  niaeliine  p  resent  Iv  being  mninifaetnred  In  Bendix:  this 
generator  nni-1  lie  niodifii'd  to  |irodnee  an  ont|int  of  IH  \  and  200  \  when  driven  at  1000  to 
10.000  r/ min.  The  weight  of  the  generator  is  15  }|>  (see  M’l  M-iidix  K  for  descriptions). 

III.  DISCISSION 

7.  Yeliiele  Performance  and  C.ontol.  C.alenlated  vehicle  |ierfomianee  is  shown  in 
Figure  a  and  is  derived  from  the  eoiti|Miler  mils  lor  (lie  motor  and  siiort  time  ratings  for  the 
alternator.  W  ith  270  h|>  available  from  the  engine  and  ;*•>  estimated  efficiency  of  60  [lereetit  to 
75  |M*recnt  (the  low  i  ffieienev  is  at  low  s|teed  onlv).  200  lip  can  lie  delivered  to  the  tracks  from 
approximate!)  7  nii/li  to  fO  mi/h.  but  time  will  lie  limited  to  TO  minutes.  Assuming  HH  percent 
effieienev  of  the  gears.  160  hp  can  be  delivered  continuously  above  H  ini/li. 

Control  of  vehicle  speed  is  aeeomplislied  by  control  of  engine  speed,  alternator  field 
current,  motor  field  current,  and  "car  box  ratio.  AX  lien  the  vehicle  is  started  from  a  dead  stop, 
three  things  must  happen  simultaneously  to  obtain  sufficient  motor  torque  to  get  it  rolling. 
These  are:  increase  of  motor  field  current,  increase  of  engine  speed,  and  increase  of  alternator 
field  current  to  generate  enough  vulture  to  prodnee  a  motor  armature  current  which,  in  com¬ 
bination  with  the  motor  field,  will  create  the  required  motor  torque. 

As  an  example,  if  maximum  sprocket  torque  of  17.000  ft-lli  is  required,  the  motor 
field  voltage  must  be  increased  to  4H  V  resulting!  in  a  field  current  of  approximately  100  A. 
engine  speed  must  be  increased  to  1250  r/niin  which  will  increase  the  alternator  speed  to  4000 
r/min  and  in  combination  with  increasing  the  alternator  field  current  to  5.2  A.  will  result  in 
1000  A  of  armature  current  in  each  of  the  two  motors.  The  above-mentioned  numbers  are  the 
result  of  actual  testing  performed  at  MKK  MMTIM  with  the  500-kVA  alternator  using  a  fixed 
resistor  to  simulate  initial  motor  load  (see  Appendix  I  ).  Referring  to  the  (»K  computer  rim  (Ap¬ 
pendix  D)  for  4H  V  on  the  motor  field  and  1000  A  armature  current,  the  motor  torque  will  In' 
4TT  ft-lli  and  the  total  result  in  low  gear  will  then  lie  ITT  ft-lli  x  20  ratio  x  2  trucks  =  17,400  fi¬ 
ll),  After  this  initial  startup,  increase  in  speed  is  accomplished  by  decreasing  motor  field 
voltage  and  increasing  alternator  voltage  output:  this  wilt  necessitate  an  increase  of  the  engine 


ire  5.  Calculated  Ml  13  electric- 


\guin  referring  In  I  lit*  <»h'  computer  riin».  lull  mol  nr  speed  will  lie  reached  when 
motor  ficlil  \ *!«■  is  decreased  to  approximately  12.3  \  .  In  low  gear  iiuixim nni  motor  speed 
result-  in  13-mi/h  vehicle  speed:  to  furl  her  increase  -j  »ft‘<l  the  gear  must  he  shifted  hi  high, 
Maximum  motor  speed  will  then  result  in  3200/7.  I  =  71*0  r/min  sprocket  speed  or  10  ini/li  vehi¬ 
cle  speed. 


If  high  starting  lorijiie  i-  not  reiptircd.  the  vehicle  cun  he  run  through  llic  speed 
range  in  high  gear.  total  -liirtin;  ton|iie  wonlil  then  he  2  \  7. 1  \  133  =  f) IDO  ft-lli.  or  total  trac¬ 
tive  effort  of  HI M M I  Hi.  Krferring  to  Figure  3.  iinv  power  curve  can  he  foltovvcit  through  the 
«peed  range  aeenrding  to  the  oper.iloi  -  wish.  Maximum  perfornuiiiee  is  200  lip  to  the  tracks, 
Inti  is  tlieorctieullv  lime  liniiteil.  n»  noted  in  Figure  5.  In  practice,  this  limitation  might  lie 
disregarded  since  it  i«  unlikely  that  a  eondilioii  will  lie  encotnitered  where  full  power  will  lie 
required  for  30  nninlerrnpled  minutes,  Below  the  IfiO-hp  curve  and  above  8  ini/li.  vehicle 
operation  is  eonliiinom-.  Low  speed.  straight  ahead  on  60  pereenl  grade  rei|iiircs  a  total  of 
12.100  ft-lli  .sprocket  loripte.  This  ri'ipiirement  is  well  within  the  drive  system's  short  term 
capability.  tint  time-limiled  operation  will  apply.  The  rc«|iiiremrnl  lor  high  speed,  straight 
ahead  is  120  lip  per  side  with  a  sprocket  speed  of  730  r/inin.  Since  maximum  sprocket  speed 
for  tills  investigation  is  700  r/inin.  the  horsepower  reignirenient  will  lie  112  lip  per  side. 
However,  w  ilh  270  lip  available  for  traction,  an  effieienev  of  8.3  pereenl  would  lie  reiptired  to 
transmit  a  total  of  22  f  lip  to  the  tracks.  With  a  maximum  estimated  effieienev  of  73  percent 
this  reipiireinenl  cannot  lie  met. 


Vehicle  steering  is  accomplished  In  control  id  the  motor  fields,  and  steering!  control 
will  lie  continuously  variable  with  regenerative  transfer  of  energy  from  one  side  to  the  other. 
When,  as  an  example,  a  sharp  ri<rht  turn  is  reiptired.  the  field  on  the  right  motor  in  list  lie  in¬ 
creased  to  force  the  motor  to  «low  down.  \t  the  same  time,  the  field  on  the  left  motor  is  de¬ 
creased  and  the  left  motor  will  try  In  increase  in  speed.  The  right  iiiolnr  then  gets  into  the 
generating  mode  siipplv  mg  power  to  the  left  motor  and.  in  doing  >o.  holding  hack  on  the  right 
track  while  the  left  motor  will  speed  up  the  left  track  and  thus  force  the  vehicle  into  a  right 


The  field  current  to  the  two  motors  i-  supplied  from  the  Hemlix  d.e.  generator 
through  Ivvo  fiigh-riirrenl  switching  transistor  power  supplies,  which  are  controlled  bv  the 
iniero-eoni|inter  with  inputs  from  the  operator's  controls. 

High  speed  Inrii'  reipiire  power  delivery  to  the  outer  motor  greater  than  the  engine 
can  deliver.  I  low  ever,  w  ilh  the  regenerative  transfer  capability  the  inner  motor  operating  in  the 
generator  inode  will  siipplv  the  difference.  One  of  the  original  re<|nireinents  i»  a  high-speed, 
clockwise  Inrm  reipiiring  203  lip  to  the  left  sprocket  at  770  r/iuin  sprocket  -peed  and  1 1.3  lip 
generated  bv  the  right  sprocket  motor  at  7  JO  r/ min  sprocket  speed.  Since  top  sprocket  «peed  i« 
700  i7min.  the  reipiired  power  will  he  20.3  x  700/7*0  =  200  lip  and  103  lip  generaletl.  \e- 
eordiiiji  to  tin'  Oh  computer  run  this  js  within  the  eapahililv  of  tin-  motor. 
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Pivot  ii  i-  aeeooiplished  I  <\  reversinj:  tin-  Held  till  one  of  tin*  molin'. 

Tilt'  rrijiiin'mi'iit  fur  a  pivot  turn  is  +  dtHHt  f|-!h  In  one  sprocket  and  -'MMItt  fl- lit  In  llir  other, 
this  i'  ini  »n-  than  I  In-  H.~><tlt  l‘l- ll>  per  dde  a  erred  ii|>nn  lint  will  hi'  within  tin-  capability  •  if  llir 
*\ -Irin. 

IKnamie  hnikiii"  i»  accomplished  In  ennileetin”  tin*  motors  in  a  hrakiii"  »riil  ami 
<i|  i|  i|\  in»  excitation.  Tlic  motors  will  then  nciirrate  power  w  liirli  will  lie  i  li — i  |  > ;  1 1 1  - 1 1  in  I  lie  hrak- 
iii”  n  ri  <  I .  Since  I  lie  innlnr  excitation  i-  indiv  iilnalh  i-iinlrnlleil.  steerin':  will  Innelinn  in  n'lii.il  l> . 

li.  (Ipcrnlnr  f  .nntrcds  mid  Function*.  The  ennlrnl  system  will  enn-i-l  of  n|ieral<>r  i 1 1 1 ml 
emilrnh.  a  •  I i n i 1 1 1 1  processor.  aiming  nnt|>iit  ennlrollrrs.  ami  vehicle  parnnirlci'  feedback'.  \ 
hlnek  diagram  nl'  the  basic  I'uiilrn!  functions  i-  shown  in  I'i^nre  (».  The  | ir< n'e~.>nr  i t f. 

operator  ennlrnl  liardw are.  . . ntrnller.  and  software  routine-  in  eninninn  with  the 

h\ilri)»talie  effort  will  lie  purchased  fnini  Southwest  |{e-eareh,  I  lie.  'I  he  an, dn^  enntruller-  ad- 
ililional  |>rneraiiiiiiiiie  anil  hardware.  assembly.  ami  delmeciiie  will  lie  dune  by  MKI{  \l)(  .1  tM. 
IT i n i- 1 i m i -  id'  the  operator  controls  are  dismissed  helnw: 

H.  Airelerntor.  S-ts  desired  vehicle  speed.  Signal  will  he  compared  In  aelnal 
M'hiele  speed  and  aeeelerated  at  a  rale  prupnrtiimal  to  the  difference.  Initiation  of  acceleration 
consists  n!'  increasiiiji  engine  speed.  alternator  li  eh  I  einreiil.  and  inntnr  lie  Id  currents.  followed 
In  a  deereaM'  id'  innlnr  held  to  increase  speed. 

b.  Hruke.  t fverrides  aeeeleratnr,  First  part  of  lirake  tran'l  will  activate  pmpnrtiniial 
dynamic  hrakine.  further  travel  will  pickup  the  liMlranlie  disc  brakes  via  a  master  ev limler, 

e.  Steering,  Sets  a  desired  track  speed  differential,  which  is  aeeiniiplished  by 
inversely  adjusting  the  inntnr  field  currents.  Steering  respniise  shuiild  lie  slow  nil  eenter  and 
faster  tnward  end  stu|is.  Pivot  steerin»  heennies  available  Inward  the  end  'hips. 

cl.  Srlretnr  Functions—  K  II  I).  Ih-ver'i — allows  npi'ratinn  in  Inw  jiear  on  I  v  in 
reverse  direetinn:  will  he  inhibited  if  vehicle  Ini'  forward  velocity.  Neutral— engine  -peed  run* 
trnlli'd  I"  aeeeleratnr  pn-itinii;  alternator  field  disalded:  »leerinii  and  lirakiii"  linietinii'  nor¬ 
mal:  niannaiiv  applv  hvdraidic  brake  to  park.  1 1  i  irl  i — allows  nperation  in  h’n-li  "enronb-  will 
lie  inhibited  if  vehicle  lia»  reverse  veloeitv.  I )rive — allow «  operalinii  in  low  near  under  I  .*  nii/h: 
aiitnmatie  -liiftiii"  at  In  mi/li. 
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CONTROL  LOGIC  CONTROLLERS 
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9.  Weight  Estimate*.  Estimated  weights  are  in  the  following  table: 


Weight  Estimates 

Total 

Weight 

Nnnilter 

Weight 

Component 

(lb) 

Required 

(lb) 

Alternator 

430 

i 

430 

Belt  Drive 

95 

1 

95 

Rectifier 

110 

1 

11  * 

Drive  Motors 

195 

2 

990 

Motor  Field  Supply 

45 

1 

45 

Controls 

90 

1 

90 

Gears 

180 

2 

360 

Final  Drive 

220 

2 

440 

Braking  Grid 

75 

1 

75 

2635 

Misc.  Cables.  Blowers. 

etc.  5  percent 

132 

Total  Proposed 

2767 

Lightweight  option: 

Oil-cooled  Alternator  and  Rectifier 


2130 


10.  1’nlciilinl  \\rij*lit  .Suviii"*.  I'lte  -| n-«- i |'u-  wrmht  of  ihr  -v.ieni  a-  | > n >| >■  i-< ‘i I  i- 
'hi?  Ihdip.  I  here  jin*  -cveral  wav*  in  which  I li i-  specific  weight  mij;!il  he  reduced: 

;i.  Kephlfcmcnl  nl  the  propo»ei|  alternator  with  the  two  ] i i ”ll--| ni l-ennlcd 
nuchinc'  1 1  — <■«  1  curlier  and  -rlcclinti  of  ilii*  1 1 irli I w <  i ul il  fluid-cooled  rectifier  option  will 
sue  :u.')  III.  nr  l.l  Ih/llp. 

li.  I  .<  i  li  1 1  »t  in  c  ii  I  Icelitmloev  can  lie  impinvnl.  (hie  emilil  develop  higher  -peed  motor-, 
w  illi  ji  I i k  l\  -in  in*;  nf  T-i  Ih  {mil  ,i  Mimic  liie|i-'|iecil  iillcriuitur  'in  iii^.  peilinp-  another  2.')  Ih. 
( .mu  hi  net  I .  tlie*c  dev  e|n|  nnent'  w  mi  hi  v  icld  nihil  her  l/.‘f-  Ih/liii  -in  ill".  (  hie  nl  tile  hen  \  ie-l  com* 
jimicnt-  where  weight  Mmn*>  mav  lie  pie— ilde  i-  the  msirinj;.  The  proposed  sV'tcin  weight  in- 
elmlis  fil'd  II i  nf  licnr-.  It  m*ciii*.  wnrtliw liilc  from  n  -v  >t*'in  point  of  v  lew  to  i iiteo rule  the  nit itor- 
nml  uejir-  ami  tn  develop  lijihlvvci"lit  "ear  teeliniihmx .  \\  e  have  not  estimated  the  weight  -;n- 
hies  Irm 1 1  ->i u*l i  effort'. 

e.  (  hie  can  develop  hctler  merall  electric-drive  teiTin olo^s  |i\  iilcntil  Mil"  opportunities 
fur  weight  and  volume  during  developmental  ti’-tin*!  nf  the  deinniiOriilnr.  The 

demonstrator.  a>  proposed.  will  vield  iiU|iorl jint  data  on  the  performance  nl  tile  electric  drive 
under  computer  emit  ml  in  the  varietv  nf  operatin':  enm  I  i  t  ii  >u  -  which  tile  amphibian  will  etc 
ennnter.  It  is  likelv  that  these  data  w  II  advance  electric-drive  teclumlofiv  h\  providin':  im¬ 
proved  specifications  and  requirements  for  system  cn^iiicci injj. 


APPENDIX  A 


BKNDIX  BRlSHlJvSS  GENERATOR.  TYPE  28BS2<M  IIM; 

DESCRIPTION. 

A  single-hearing  generator.  (Ii«*  2BR.129-I  i>  designed  to  share  a  hearing  with  a  coii-taiil 
>|>eed  drive  ami  to  utilize  tin-  drive's  oil  for  cooling.  The  generator  holts  direetlv  to  tile  drive, 
ami  integration  involves  the  mating  of  the  tlri% <*  >|»li n«*  ami  oil-in.  oil-out  ports. 

A  complete  AC  machine.  the  28BH2d-l  is  extremely  lightweight.  It  widths  only  7.">  lit.  vet  it 
fairies  an  output  rating  of  ISO  kVA.  ami  lia>  full  overload  capabilities. 

Similar  tn  other  Bendix  I0(>  generators,  the  28B329-I  utilizes  Imtli  eoudiietiou  and  oil-mist 
spray  cooling  leeliniipies  to  provide  oplininni  heat  transfer  eliaraeteristirs. 

Cooling.  Cooling  oil  from  the  driv  e  enters  the  generator  at  the  mating  flange  interfaee  where  it 
goes  through  a  short  eoniieetiug  channel  and  then  into  a  series  of  grooves  in  the  housing. 

The  grooves  surround  the  generator  stator  core  which  is  shrunk  into  the  machined  bore  of  the 
housing  to  form  a  channel  through  which  the  cooling  oil  flows. 

Oil  flow  through  the  channel  is  turbulent  and  it  contacts  all  surfaces  of  the  channel  in¬ 
cluding  the  stator  core  to  provide  optimum  heat  transfer. 

The  oil  then  leaves  the  stator  cooling  passages,  and  flows  through  a  east-ill  channel  to  the 
anti-drive  end  of  the  generator.  Here,  a  small  amount  of  oil  is  metered  through  a  clearance  to 
first  lubricate  the  hearing  and  then  to  spray  the  pcrmancnt-magurl  generator. 

Most  of  the  oil  enters  the  rotor  through  a  hollow  generator  shaft  where  it  proceeds  towards 
the  drive  end.  .Metering  orifices  in  the  shaft  provide  a  means  of  distributing  the  cooling  oil  in 
the  proper  quantity  and  in  the  right  places  to  do  an  effective  cooling  job. 

The  first  orifice  discharges  a  jet  of  oil  into  the  rotating  diode  heat  sink  area  to  remove  heat 
from  the  diodes  and  then  to  spray  and  cool  the  exciter  armature. 
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Hip  oil  in  1 1  ip  shaft  next  is  metered  through  orifiivs  at  tin-  main  ■icnerator  rotor  where  it  i> 
first  distributed  out  tin*  rotor  windin'!'  and  thru  sprayed  oxer  tin-  stator  rnd  liirus.  \  imiipie 
design  feature  directs  the  oil  to  flow  between  the  rotor  polo  to  parry  away  heat  from  these 
areas.  The  same  oil  is  then  used  a^ain  to  'pray  anil  pool  the  stator  winding  end  turn'.  This 
coolin'!  leehniipie  is  extremely  effieient  ami  operating  temperature'  of  the  generator  stabilize 
ven  rapid  Iv. 

ln»uluthm.  Iii'iilatioii  used  thmn^hont  the  28 If. '12V- 1  i'  Dul’on'.  s  "Noincx  and  onr  own 
KIVlOO  insulatin'!  material.  The  eomhination  of  these  two  material'  provide'  opliinnm  heal 
traii'fer  eharaeteri'tie'. 

KIM 60.  ii'ed  to  impregnate  the  wound  a"eiidilie'  of  the  {leneratnr.  al>o  has  jireal 
mechanical  strptif!lh  to  provide  excellent  bondin'!  w  ithin  the  windin'!'.  I  hese  are  important 
eharaeteri'tie'  'inee  movement  within  the  winding.'  due  to  vihralional  stresses  i'  prevented. 

Taltle'  I  and  II  show  insulation  life  and  thermal  conductivity  of  the  installation  used  in  the 
28B329-I . 


Specifications 


*  Rating:  550  KV continuous 

output  <9  .75  PF, 
520/208  volts.  3  chase. 
4-wire.  400  Hz  at 
5  2.000  RPM 

*  Cooling  Oil  Oil-in  @  250°F  and 

flow  at  7.6  gpm 
@  230-240  psi 


Design  Features 

*  Oil  coolea  by  conduction  and  on-mist 
spray 

*  Integrates  with  drive  to  provid:  compact 
compact  drive  generator  package. 

*  Lightweight  unit  has  weight  to  output 
ratio  of  only  5  Ip  KVA. 


*  Cool.ng  technin„es  provide  --  v !- 1- 1’--.- , 
effect-. e  coolmo  s.sten-  .-.  in  ;.ji- 
servative  gererator  opeiatiun 

Insulation  system  is  completely  com 
patible  with,  and  unaffected  by 
MIL-L  7803,  MIL  L  23699 
hydraulic  flu.dv 

’  Integration  with  drive  makes  up 
lightweight  overall  package. 


*  Weight:  74  lbs. 

PMG  Output.  42  :  volts 


PMG  excitation  source  with  solid-state 
control  unit  eliminates  need  for 
external  excitation  and  produces  ex 
cellem  generator  output  character- 


Brushless  design  provides  long  service 
life  and  low  overhaul/maintenance 
costs. 
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Various  Impregnating  Materials 


r.r 


ERJL  LIF£  -  HOURS 


Table  II  Insulation  Life 
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DEFENSE  PROGRAMS 


GENERAL  ^  ELECTRIC 


777  FOURTEENTH  STREET,  N.  W„  WASHINGTON,  D.  C.  2000S  .  .  .  TELEPHONE  EXetgt.ve  3- 3600 


EQUIPMENT  AND  COMPONENT 
FIELD  OFERATION 


January  13,  1969 


Department  of  the  Army 
MERDC 

Fort  Belvoir,  Virginia  22060 
Attention:  Mr.  C.  Heise 
Gentlemen: 

The  attached  information  hopefully  provides  sufficient  data  for  your 
present  planning.  J.  Nadzam  will  check  the  engineers  to  determine 
if  additional  tests  are  planned  so  that  you  may  have  a  complete 
speed  torque  curve  family.  At  one  time,  this  action  was  contemplated 
but  the  availability  of  test  equipment  was  delayed. 


Very  truly  yours. 


Manager  -  Ground  Power  Programs 


GENERAL  ELECTRIC 


Dial  Comm:  8*342-2981  Date:  November  26.  1968  Copies:  GF  Bond.  64-3 

WG  Brighton, 
17-2 

Dept:  Direet  Current  Motor  &  Crnenilor  Dept. 

Address:  3(MD  East  Lake  Road.  Erie.  Pa.  16501 
Subject:  Type  BY401  Motors  for  KRDL 

RECEIVED 

OFF  HIGHWAY  VEHICLE 
EQUIPMENT  PROJECT 
NOV  27  1968 
TEPMO 

TRANSPORTATION  SYSTEMS  DIVISION 


Mr.  J.  P.  Nadzain 
Bldg  42-3 

A  little  over  one  year  ago  we  shipped  5  motors  to  ERDL  for  powering  an  experimental  vehi¬ 
cle.  Questions  from  the  customer  on  overload  capability  of  the  motor  prompted  us  to  suggest 
that  they  return  one  motor  to  ns  for  testing  with  a  dynamometer  facility  that  was  not  available 
at  the  time  the  motors  were  initially  shipped.  This  facility  has  permitted  us  to  test  the  motors  at 
speeds  tip  to  8000  r/miu  and  at  outputs  of  100  hp  or  more.  We  have  now  completed  these  tests 
with  the  results  as  shown  on  the  attached  two  curve  sheets. 

The  attached  curve  sheet  “Duty  Cycles  and  Short  Time  Ratings”  is  particularly  interesting 
because  it  is  a  complete  statement  of  the  thermal  capability  of  the  motor  on  any  type  of 
repetitive  load. 

You  will  observe  that  the  maximum  duration  for  an  overload  condition  is  somewhat  shorter 
than  we  bad  previously  indicated  that  it  would  be.  The  following  observations  are  ap¬ 
propriate. 

(1)  The  maximum  capability  of  the  motor  is  102  lb-ft  for  onp  minute.  This  is  simultaneously 
a  thermal  and  a  commutation  limitation.  At  this  torque,  and  at  6000  r/inin.  1 16  hp  will  he 
delivered  by  the  motor. 


l2t  I  li*1  ruled  maximum  speed  of  ilte  motor  is  80(1(1  r/iniii.  \nv  speed  greater  lliun  llii>  value 
should  lie  considered  ;i it  ovrrspccd,  'I  lie  maximum  ~a le  speed  is  10.IMK)  r/iuin. 

Our  tests  disclosed  lltul  when  operation  ul  high  ennuis  and  high  '| . d«  will  lie  freipicutlv 

repeated,  two  changes  will  improve  commutation.  brush  fife,  arid  cumimilalor  life.  These  are: 

(a)  tihaiiee  brush  grade  to  I.-2IK). 

(b)  Increase  spring  pressure  ,>()  peieetil. 

I  am  attaching  a  copv  iif  Mr.  Bond's  test  report,  from  wltiel.  von  can  see  the  importance  of 
these  changes.  We  understand  that  the  customer  is  interested  in  convertin':  from  shunt  to  series 
windings.  Vt  the  time  the  .machines  are  returned  to  ns  for  conversion  we  would  phut  to  install 
the  new  brushes  anil  springs,  lie  should,  at  the  same  time,  return  the  two  motors  to  us  which 
have  already  been  converted  to  series  windings  in  order  that  we  can  make  the  brush  and  spring 
changes  as  well  as  recheek  the  machines  thoroughly  to  see  that  they  are  in  top  condition. 


iW 

(].  M.  Wheeler.  Supervisor 

Special  Product  Engineering 

Specially  Motor  Prodoet  Engineering  Subsection 

Bldg.  6TB-3.  Ext.  2981 

Attachments 
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Brush  Tots  mi  V]mM  5BY401A5 


The  motor  is  a  scrips  wound  machine,  separately  ventilated  and  is  rated  40  hp,  8000  r/min, 
06  V.  345  A  continuous  duty— 100  hp.  6000  r/min.  96  V.  920  A.  20  s  short  time  duty. 

The  customer.  Mobility  Equipment  R&l)  Laboratories  anticipated  the  motor**  capabilities  a* 
shown  in  Figure  I  and  requested  our  comments  on  the  “time-on”  values  for  the  various  Inad 
conditions. 

Tots  have  Iwrn  taken  and  the  important  results  are  included  in  this  report. 

Conclusions. 

( 1 1  The  commutator  was  designed  for  operation  at  8000  r/min  and  tests  confirm  commutator 
stability  at  this  speed.  No  load  overspeed  is  10.000  r/min. 

(2)  Brushes  should  be  changed  to  grade  L206. 

(3)  Brush  springs  should  Ik*  changed  to  give  50  jiercent  additional  pressure. 

|4)  For  load  currents  exceeding  rated,  the  operating  time  is  limited  by  brush  temperature* 
rather  than  winding  temperature*. 


Test*. 

(A)  Black  hand  tests  were  taken  to  confirm  compensation  and  to  compare  different  brush 
grade*.  Tests  were  at  half  rated  volts.  Vibration  required  the  use  of  doultleqiressure  springs, 

1 1)  tirade  537.  This  is  one  of  the  original  brushes,  preferred  for  good  wear  properties.  Black 
band  i*  narrow  and  closes  at  less  than  peak  current. 

(2)  tirade  456.  Favored  brush  for  low  contact  drop,  hut  rejected  for  poor  wear,  lias  open 
band  t«>  peak  cimenl. 

(3)  tirade  L206.  Recommended  by  Carbon  Products.  This  split  brush  lias  very  wide  band. 
|4)  tirade  1,206  solid.  Poor  baud. 

{Ill  Test*  were  taken  to  find  "time -on”  values  at  points  on  or  below  the  characteristic  curve. 
Brush  temperature  In  thermocouple  and  winding  temperature  by  volt  drop  were  observed.  The 
motor  was  run  to  selected  speed  and  load  current  a*  quickly  as  possible. 
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Result*  (CW  rotation  only) 
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Brush  Temp 
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1  Vi-3 

230 
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200 
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1-2 
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2.25  min 

456  heavy  spring 

•— 

1000 

6000 

2 

150 

1 

shut  down  due  to 

87 

800 

6000 

3 
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1.5 

brush  dusting 

— 

1000 

4000 

— 

— 

— 

456  light  spring 
severe  sparking  streamers 

— 

1000 

4000 

— 

— 

— 

SA45  light  spring 
vicious  sparking 

The  L206  split  brush  is  clearly  the  most  successful.  A  spring  of  6  lb/in.1  would  be  a  com¬ 
promise  between  high  brush  friction  (with  double  spring  at  8  Ib/in,1)  and  poorer  commutation 
with  the  normal  spring.  Brush  temperatures  indicate  a  strict  time  limit  on  overloads,  and  it 
may  be  concluded  that  an  increase  in  brush  area  and  commutator  size  is  needed  to  achieve 
more  reasonable  short  time  ratings  where  an  application  of  this  motor  demands  such  ratings. 


MEMORANDUM 


,'723 :  f)PG:mnsp 
23  September  19*2 


From:  Code  2723  (D.  Guimond) 

To:  ME RA DCOM  (C.  Helse) 

Via:  Code  2723 

Subj:  Final  drive  gearbox;  preliminary  design  for 

Ref:  (a)  Meeting  on  10  Sep  82  btwn  G.  Anderson  {DTNSRDC,  Code  2723)  and 

MERADCOM  personnel  at  DTNSRDC,  Carderock 

Enel:  (1)  Design  Calculations 

1.  In  support  of  your  work  with  Mark  Rice,  of  the  Marine  Corps  Project  Office, 
for  the  design  of  final  drive  for  tracked  vehicles  and  based  on  the  requirements 
discussed  In  reference  (a),  preliminary  designs  were  worked  out  for  two  gear¬ 
boxes  to  obtain  estimates  of  size,  volume,  weight  and  cost. 

2.  The  first  gearbox  consists  of  three  Input  pinions  (each  being  driven  by  an 
electric  motor)  meshing  with  a  central  output  gear  giving  a  reduction  ratio  of 
2.8:1.  Each  pinion  has  a  pitch  diameter  of  2.857".  The  gear  has  a  pitch 
diameter  of  8.000".  The  gearbox  would  be  approximately  14.00"  in  diameter  and 
4.50"  wide.  The  weight  would  be  66  lbs. 

3.  The  second  gearbox  is  a  planetary  arrangement  taking  as  it's  input  the 
output  of  gearbox  No.  1.  It  consists  of  an  input  sun  gear,  five  planet  gears 
and  a  ring  gear  held  stationary  by  a  clutch  or  brake.  The  output  is  taken  from 
the  planet  gear  carrier,  with  the  overall  reduction  being  2.5:1.  The  unit  can  be 
by  passed  by  releasing  the  clutch  holding  the  ring  gear  and  energizing  a  second 
clutch  which  connects  the  input  sun  gear  to  the  ring  gear,  locking  the  planet 
gears,  to  achieve  a  1:1  ratio.  The  unit  would  have  overall  dimensions  of  13.00" 
diameter  by  5.50"  wide  and  weighs  58  lbs. 

4.  Funk  Manufacturing  Company  has  been  asked  to  supply  cost  and  lead  time 
estimates  for  2  of  each  unit. 

5.  The  gearboxes  should  have  a  life  of  at  least  600  hours.  Rough  design 
calculations  are  included  in  enclosure  (1). 


'J^euru/  P 


David  P.  Guimond 
Ext.  2362 


Copy  to: 

Code  2723 

Code  1120  (Mark  Rice) 
Code  2723$ 


2.8:1  Simple  Mesh 
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dG  =  2.8  dp 

dp  =  2.737”  smallest 
dG  =  7.664”  possible 


Bonding  Stress 

_  4.8  TN  _  4.8  (120)  (12)  (40) 

~  Fd'JB  ”  (1.50)  (2.85 1)2  (.495) 
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Size  &  Weight 

1 .5  (2.857)2  =  12.24  x  3  =  36.73 
1.5  (8.00)2  =  96 

IFdJ  =  132.73  X  .5  =  66.365 
Weight  =  66  lb. 

2 

-—  2  =13.257  14”  dia. 


F  =  1.5  3F  =  4.5  4.5”  wide 


2.5:1  Planetary 


Input  Torque  120  (12)(3)(2.8)  =  12,096  lb.  in. 
8000 

Speed - =  285 .  RPM 

2.5 


2.5  ratio  —  =  1.5  Ns  =  80  Nr  *  120 
Ns 


Nr-Ng  120-80 


Nr +  Ng 


P 


120+80 


dp  =  1.429 


ds  =  5.714” 

Ng  = 

80 

5  planets 

dp  =  1.429” 

Np  = 

20 

P  =  14 

dr  =  8.57” 

Nr  = 
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F  =  1.375” 

25°  Spur  Gears 

Js  =  .505 

Jp  =  .405 
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Bending  Stress 


4.8  TN  s  4.8  (12096)  (80) 

Fd2  JB  SUr  (1.375)(5.714)2(.505)(5) 


Ssun  =  40,976  PS1 
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Weight  &  Size 


Weight  9500 


Q 
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~(Mg  r  l)3] 

-  Mg  j 
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o  -  — 

2857 


'(2.5  +  l)3' 

.  15  J 


130  ■  9500  =  57.9 

540 


Weight  -  58  lb. 


d  =  1.5  dr  d  =  1.5  (8.57)  -  12.855 

1.  =  3F  L  -  3  (1.375)  =  4.125  +  room  for  clutches 


13”  dia.  x  5.5”  wide 


APPENDIX  I) 


MOTOR  PERFORMANCE 

USAMERADCOM  «■:  (Charles  Faulkersou  13-2 

Oct  27,  1982 
Mr.  Mike  Mando 

Enclosed  find  computer  runs  for  our  BT2378  motor  rated: 

90  hp,  5200  r/min,  120  V,  611  Amps,  BV  (150  CFM) 

Short  time  ratings  are  shown  on  an  attached  sheet. 

Runs  were  made  with  48  V,  36  V,  24  V,  20  V,  16  V,  14  V,  13  V,  and  12  V  excitation. 
Also  included  are  runs  for  our  BT2346  motor  with  48  V  and  36  V  excitation, 

/  8  / 

E.  D.  Elwonger 
General  Electric  Company 
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ELECTRIC  VEHICLE  PERFORMANCE -REV 
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2.54 

7131  . 

21  .0 

fs 

26. 

26. 

119.8 

4.6 

1901  , 

1.65 

7123  . 

14 .7 

\ 

21  . 

21  . 

119.9 

2.5 

1902. 

.92 

71 17  . 

8.8 

; 

17. 

17  . 

119.9 

.9 

1903, 

.32 

7113. 

3.2 

! 

<V 

toco 

//3 

w 

IU~S 

/3  7 

s 

s 

i__ 
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FIELD  BATA  <SPD*  3) 


RSH= . 4360E+G0  RSHD* . OOOOE+OO  SEV* . 3600E+02  SHUNT  TURNS  »  65.00 
RSE= . 0  0  00E+G  0  RS  =.0000E+00  RD  =.0000E+G0  SERIES  TURNS*  .00 

FOR  IA  )  468.750  FOR  IA  <*  460.  750  s 

BRUSH  DROP*l . 40+  .  0G064*IA  BRUSH  DROP*  . 00363*IA 

INCREASED  BRUSH  DROP  DUE  TO  FIELD  WEAKENING  =  BD*2.50 


MOTOR  CHARACTERISTIC  DATA 


IB 

IA 

VM 

TORQ 

RPM 

HP 

LOSSES 

EFF 

8918. 

8918. 

57.6 

2889.2 

0. 

.  00 

588643. 

.  0 

4459. 

4459. 

88,8 

1395.8 

1276. 

339.28 

145863. 

63.4 

3656. 

3656, 

94.4 

1163.0 

1520  . 

336.60 

97140 . 

72 . 1 

2998. 

2998. 

99.0 

976.5 

1677. 

311.99 

67170. 

77.6 

2459. 

2459, 

102.8 

812.1 

1803. 

278.83 

47751 . 

01  .3 

2016. 

2016. 

105.9 

675.3 

1897. 

243,96 

34513. 

84.1 

1653. 

1653. 

108.4 

561 .6 

1965. 

210.20 

25462. 

86 . 0 

1356. 

1356. 

110.5 

464.9 

2022. 

179.05 

19254. 

87.4 

1112. 

1112. 

112.2 

382.4 

2075. 

151.17 

14980. 

88 . 3 

911  . 

91  1  . 

113.6 

312.5 

2129. 

126.74 

12024. 

88,7 

747, 

747. 

114.8 

255.2 

2174. 

105.64 

9969. 

88.8 

613. 

613  . 

115.7 

208.2 

2210. 

87.64 

8533. 

88,5 

503. 

503. 

116.5 

169.7 

2239. 

72.40 

7521  . 

87,8 

412. 

412. 

117.1 

138.2 

2267. 

59.67 

6739. 

86.9 

338. 

338. 

117,6 

112.3 

2291  . 

49.02 

6170  . 

85.6 

277. 

277. 

118.1 

91 .1 

2311  . 

40.11 

5778. 

83.8 

227. 

227, 

118.4 

73.7 

2327. 

32,68 

5507. 

81 .6 

186  s 

186. 

118,7 

59.5 

2341  . 

26.51 

5319. 

78.8 

153. 

153. 

118,9 

47,8 

2352. 

21 .40 

5188. 

75.5 

125. 

125. 

119.1 

38.2 

2361  . 

17.17 

5095. 

71 .5 

1  03. 

1  03, 

119.3 

30.3 

2368  . 

13.67 

5030  . 

67.0 

84. 

84. 

119.4 

23.9 

2374. 

10,79 

4983. 

61  .8 

69. 

69. 

119,5 

18.6 

2379. 

8.42 

4949. 

55.9 

57. 

57. 

119.6 

14.2 

2383. 

6.47 

4925. 

49,5 

46. 

46  . 

119.7 

10.7 

2386. 

4.86 

4907. 

42.5 

38. 

38. 

119,7 

7.8 

2389. 

3.54 

4893. 

35.0 

31  . 

31  . 

119.8 

5.4 

2391  . 

2,45 

4883. 

27.3 

26. 

26. 

119.8 

3.4 

2393. 

1  ,56 

4876. 

19.3 

21  . 

21  . 

119.9 

1 .8 

2395. 

,83 

4870. 

11.3 

17. 

17. 

119,9 

.  5 

2396, 

.23 

4866. 

3.4 
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BT2378-3311  .115  M785  USMERADCGM  ELUONGER 

TUE,  OCT  26,  1982,  5:22  PM 

ELECTRIC  VEHICLE  PERFORMANCE -REV  7/14/81 

CIRCUIT  PARAMETERS 


MAX 

STALL 

BAT 

AMPS  < SCR ) * 

400.0 

ARM. 

IND. 

L 

m 

. 1 1995E+00 

PEAK 

MTR  STALL 

AMPS  <  SCR ) ■ 

8918.1 

UNSAT 

8ER 

L 

m 

.  00000E+00 

MAX 

STALL 

MTR 

AMPS  (SCR)* 

1000.0 

SAT  . 

8ER  . 

L 

m 

. 0  0  00  0E+0  0 

RB» 

.0000 

NL  BV  - 

120.0 

TOT. 

MTR. 

L 

m 

, 95336E-01 

RL* 

.0070 

DI/DT  - 

1258.7 

UN8AT 

SH. 

L 

m 

, 21 540E+02 

RA» 

.0057 

SCRTYP- 

8.0 

SAT. 

SH. 

L 

u 

. 301 80E+02 

FIELD  DATA(SPDI  2) 


RSH® , 4360E+00  RSHD= . 0000E+00  SEV-. 2400E+02  8HUNT  TURN8  -  65,00 
RSE* . 0000E+00  RS  -.0000E+00  RD  -.0000E+00  SERIES  TURNS*  .00 

FOR  IA  >  468.750  FOR  IA  <■  468.750: 

BRUSH  DROP-1. 40+  .00064HA  BRUSH  DROP-  ,00363*IA 


MOTOR  CHARACTERISTIC  DATA 


IB 

IA 

UM 

TORQ 

RPM 

HP 

L088ES 

EFF 

8918. 

8918. 

57.6 

2022.6 

0. 

.00 

587008. 

.0 

4459, 

4459. 

88,8 

920.9 

1935. 

339.45 

144082. 

63.7 

3656. 

3656. 

94.4 

763.4 

2316. 

336.73 

95389. 

72.5 

2998. 

2998. 

99.0 

641.0 

2556. 

312.10 

65437, 

78.1 

2459. 

2459. 

102.8 

542.8 

2698. 

278 , 94 

46024, 

81.9 

2016. 

2016. 

105.9 

459.5 

2788. 

244.05 

32795. 

84 .7 

1653. 

1653. 

108.4 

387.2 

2851  . 

210.28 

23754 . 

86.8 

1356. 

1356. 

110.5 

327,4 

2872  . 

179.11 

17558. 

88,4 

1 112. 

1112. 

112.2 

272.2 

2916. 

151.22 

13289, 

89,5 

911  . 

91 1  . 

113.6 

225.5 

2952, 

126.78 

10338. 

90.1 

747. 

747. 

114.8 

186.1 

2982. 

105.69 

8286. 

90.5 

613. 

613. 

115.7 

153.0 

3009. 

87.68 

6852, 

90.5 

503. 

503. 

116.5 

125.3 

3034, 

72.44 

5842. 

90 .2 

412. 

412. 

117.1 

102.2 

3066. 

59.70 

5060  , 

89.8 

338. 

338. 

117.6 

83.1 

3098. 

49.05 

4491  . 

89.1 

277. 

277. 

118.1 

67.5 

3123, 

40,14 

4099. 

88.0 

227. 

227. 

118.4 

54.6 

3145. 

32.72 

3829. 

86.4 

186. 

186. 

118.7 

44.1 

3162. 

26.55 

3641  . 

84.5 

153. 

153. 

118,9 

35.4 

3177. 

21  .43 

3509. 

82.0 

125. 

125. 

119.1 

28.3 

3188. 

17,20 

3417. 

79.0 

103, 

103. 

119.3 

22.5 

3198. 

13.71 

3351  . 

75.3 

84. 

84. 

119.4 

17.7 

3206. 

10.83 

3305. 

71 .0 

69, 

69. 

119,5 

13.8 

3212. 

8.46 

3271, 

65.9 

57, 

57  . 

119.6 

10.6 

3217. 

6.50 

3247. 

59,9 

46. 

46  . 

119.7 

8,0 

3222. 

4.90 

3229. 

53.1 

38. 

38  . 

119.7 

5.8 

3225. 

3.58 

3215. 

45.3 

31  . 

31  . 

119.8 

4.0 

3228. 

2.49 

3205. 

36.7 

26. 

26. 

119,8 

2.6 

3231  . 

1.60 

3198. 

27.2 

21  . 

21  . 

119.9 

1 .4 

3233. 

.87 

3192. 

16.8 

17. 

17 . 

119.9 

.4 

3234. 

.27 

3188. 

5.8 

43 


FIELD  DATA  < SP D#  4) 


RSH-,4360E>00  RSHD- .  OOOOE+OO  SEV= .2Q00E+02  SHUNT  TURNS  -  65.00 
RSE- .  00  00E+0 0  RS  -.0000E+00  RD  -.0000E+00  SERIES  TURNS-  .00 

FOR  IA  >  468.750  FDR  IA  <  =  468.7501 

BRUSH  DROP-1 . 40+  ,00064«IA  BRUSH  DROP-  .00363#IA 


MOTOR  CHARACTERISTIC  DATA 


IB 

IA 

VM 

TORQ 

RPM 

HP 

LOSSES 

EFF 

8918. 

8918. 

57.6 

1733.8 

0  . 

.  00 

586608 . 

.  0 

4459, 

4459. 

88.8 

756.1 

2357. 

339.52 

143629. 

63.8 

3656, 

3656. 

94.4 

624.6 

2831  . 

336.77 

94955. 

72.6 

2998. 

2998. 

99.0 

524.9 

3122. 

312.15 

65000. 

78.2 

2459 . 

2459. 

102.8 

445.3 

3289. 

279.01 

45562. 

82 . 0 

2016, 

2016. 

105.9 

380.9 

3365. 

244.16 

32311 . 

84.9 

1653. 

1653. 

108.4 

323.4 

3415. 

210.41 

23256. 

87.1 

1356. 

1356. 

110.5 

275.0 

3422. 

179.24 

17058. 

88.7 

1112. 

1112. 

112.2 

234.3 

3390. 

151.32 

12809. 

89.8 

911  . 

911  , 

113.6 

194.8 

3419. 

126.88 

9862. 

90.6 

747. 

747. 

114.8 

161  .3 

3444. 

105.78 

7814. 

91 .0 

613. 

613. 

115.7 

133.0 

3465. 

87.77 

6382. 

91 . 1 

503. 

503. 

116.5 

109.3 

3483. 

72.52 

5375. 

91.0 

412. 

412. 

117.1 

99 . 6 

3504. 

59.79 

4596. 

90.7 

338. 

338  , 

117.6 

73.2 

3526. 

49.13 

4029. 

90.1 

277. 

277. 

118.1 

59.5 

3546. 

40,22 

3638. 

89 .2 

227. 

227. 

118.4 

48.3 

3565. 

32.79 

3368. 

87.9 

186. 

186. 

118.7 

39.0 

3582. 

26.62 

3180. 

86.2 

153. 

153. 

118,9 

31 .4 

3598. 

21.51 

3049. 

84.0 

125. 

125. 

119.1 

25.1 

3611  . 

17.28 

2957. 

81.3 

103. 

103. 

119.3 

20.0 

3621  . 

13.79 

2891  . 

78.1 

84. 

84  . 

119.4 

15.8 

3630. 

10.90 

2844. 

74.1 

69. 

69. 

119.5 

12.3 

3637. 

8.53 

2811  . 

69 .4 

57. 

57. 

119.6 

9.5 

3643. 

6.58 

2786. 

63.8 

46. 

46  . 

119.7 

7.2 

3648. 

4.97 

2768. 

57.3 

38  . 

38. 

119.7 

5.2 

3651 . 

3.65 

2755. 

49.7 

31  . 

31  . 

119.8 

3.7 

3655  . 

2.57 

2745. 

41  .  1 

26. 

26. 

119.8 

2.4 

3657. 

1.67 

2737. 

31.3 

21  . 

21  . 

119.9 

1 .4 

3659. 

.94 

2732. 

20.5 

17. 

17. 

119.9 

.5 

3661  . 

.34 

2727. 

8.5 

FIELD  DATA (SPD#  5) 

RSH-.4360E+00  RSHD- . OOOOE+OO  8EV- . 1600E+02  SHUNT  TURNS 
RSE-. OOOOE+OO  RS  -.OOOOE+OO  RD  -.0000E+00  SERIES  TURNS 

FOR  I A  )  468.750  FOR  IA  <■  468.7501 

BRUSH  DROP-1 .40+  ,00Q64»IA  BRUSH  DROP-  .00363*IA 


MOTOR  CHARACTERISTIC  DATA 


IB 

IA 

UM 

TORQ 

RPM 

HP 

LOSSES 

EFF 

8918. 

8918. 

57.6 

1445.0 

0. 

.  00 

586281 . 

.0 

4459. 

4459. 

88.8 

580.7 

3068. 

339.41 

143381 . 

63.8 

3656. 

3656. 

94.4 

477.5 

3701  . 

336 . 58 

94768. 

72.6 

2998. 

2998. 

99.0 

401.8 

4075. 

311.92 

64842. 

78.2 

2459. 

2459. 

102.8 

343.3 

4263. 

278.79 

45400. 

82.1 

20  16. 

2016  . 

105.9 

295.7 

4332. 

243.97 

32126. 

85.0 

1653. 

1653. 

108.4 

255.4 

4322. 

210.27 

23029. 

87.2 

1356. 

1356. 

110.5 

219.0 

4295. 

179.16 

16783. 

88.8 

1112. 

1112. 

112.2 

188.6 

4214. 

151 .34 

12468. 

90.1 

911  . 

911  . 

113.6 

162.5 

4100. 

126.94 

9488. 

90.9 

747. 

747. 

114.8 

135.4 

4105. 

105.86 

7424. 

91  .4 

613. 

613. 

115.7 

112.1 

4115. 

87.86 

5984. 

91  .6 

503. 

503. 

116.5 

92.5 

4123. 

72.62 

4972. 

91.6 

412. 

412. 

117.1 

76.0 

4137. 

59.89 

4188. 

91.4 

338. 

338. 

117.6 

62.3 

4152. 

49.24 

3618. 

91 .0 

277. 

277. 

118.1 

50.8 

4165. 

40.33 

3226. 

90.3 

227. 

227. 

118.4 

41  .4 

4176. 

32.90 

2954. 

89 .3 

186. 

186. 

118.7 

33. 5 

4185. 

26.73 

2766. 

87.8 

153. 

153. 

118  9 

27.1 

4193. 

21  .62 

2634. 

86.0 

125. 

125. 

119.1 

21  .7 

4200. 

17.39 

2541  . 

83.6 

1  03. 

103. 

119.3 

17.3 

4207. 

13.90 

2475. 

80.7 

84. 

84  . 

1  19.4 

13.7 

4212. 

11.02 

2428. 

77.2 

69. 

69. 

119.5 

10.8 

4216. 

8.65 

2394. 

72.9 

57. 

57. 

119.6 

8.3 

4221  . 

6.69 

2370. 

67.8 

##SCREEN  CONTENTS  g:UED,  OCT  27, 


1982,  9:28  AM 


FIELD  DATA  <SPD#  3) 

RSH-.4360E+00  RSHD« . 0000E+ 00  8EV- . 1 400E+02  8HUNT  TURN8  -  45.00 


RSE*. 0000E+00  RS  -.OOOOE+OO  RD 


FOR  I A  >  468.750 

BRUSH  DROP-1. 40+  .00064#IA 

INCREASED  BRUSH  DROP  DUE  TO  FIELD 


MOTOR 

CHARACTERISTIC 

DATA 

IB 

IA 

UM 

TORQ 

RPM 

8918. 

8918. 

57.6 

1300.6 

0. 

4459. 

445? . 

88.8 

485.8 

3666. 

3656. 

3656. 

94.4 

397.1 

4446. 

2998. 

2998. 

99.  0 

335.3 

4879. 

2459. 

2459. 

102.8 

288.7 

5063. 

2016. 

2016. 

105.9 

250.8 

5100. 

1653. 

1653. 

103.4 

218.7 

5040. 

1356. 

1356. 

110.5 

189.4 

4960, 

1112. 

1112. 

112.2 

163.9 

4840. 

911  . 

911  . 

113.6 

142.0 

4687. 

747. 

747. 

114.8 

119.4 

4650. 

613. 

613. 

115.7 

99.2 

4644. 

503. 

503. 

116.5 

82.1 

4641  . 

412. 

,412. 

117.1 

67.6 

4646. 

338. 

330. 

117.6 

55.5 

4655. 

277. 

277. 

118. 1 

45.3 

4663. 

227. 

227. 

118.4 

36.9 

4669. 

186. 

186. 

118.7 

30.0 

4674. 

153. 

153. 

118.9 

24.2 

4679. 

125. 

125. 

119.1 

19.4 

4686. 

103. 

103. 

119.3 

15.5 

4693. 

84. 

84. 

119.4 

12.2 

4699. 

69. 

69. 

119.5 

9.6 

4704. 

57. 

57. 

119.6 

7.4 

4708. 

46. 

46  . 

119.7 

5.6 

4711 . 

38. 

38. 

119.7 

4.1 

4715. 

31  . 

31  . 

119.8 

2.9 

4718. 

26. 

26 . 

119.0 

1.9 

4721  . 

21  . 

21  . 

119.9 

1.1 

4723. 

17. 

17. 

119.9 

.4 

4725. 

OOOOE+OO  6ERIE8  TURNS-  .00 

FOR  I A  <-  468.750 1 
BRUSH  DROP-  . 00363*IA 
WEAKENING  -  BD«2.50 


HP 

L088E8 

EFF 

.00 

586145. 

.0 

339.23 

143375. 

63.8 

336.29 

94846. 

72.6 

311.56 

64968. 

78.2 

278.43 

45532 . 

82.0 

243.63 

32235. 

84 .9 

209.98 

23107. 

87.1 

178.92 

16827. 

88.8 

151.13 

12485. 

90.0 

126.79 

9461 . 

90  .9 

105.74 

7378. 

91.4 

87.75 

5924. 

91  .7 

72.53 

4899. 

91  .7 

59.82 

4105. 

91  .6 

49.17 

3532. 

91  .2 

40.26 

3137. 

90 .5 

32.84 

2864. 

89.5 

26.67 

2673. 

88.2 

21  .56 

2540. 

86.4 

17.33 

2447. 

84.1 

13.84 

2381. 

81.3 

10.96 

2333. 

77.8 

8.59 

2299. 

73.6 

6.64 

2274. 

68.5 

5.  03 

2256. 

62.5 

3.71 

2243. 

55.2 

2.63 

2233. 

46 .7 

1.73 

2225. 

36.8 

1.00 

2220  . 

25.2 

.40 

2215. 

11.9 

46 


FIELD  DATA<8PD«  4) 


R8H-.4360E+00  RSHD- .OOOOE+OO  SEV- . 1300E+02  SHUNT  TURNS  «  63.00 
RSE-. OOOOE+OO  RS  -.OOOOE+OO  RD  -.OOOOE+OO  SERIES  TURNS-  .00 


FOR  IA 

>  468.750 

FOR 

XA  <«  468.750 > 

BRUSH 

DROP-1. 40+  . 00Q64*IA 

BRUSH  DROP- 

• 00363*IA 

MOTOR 

CHARACTERISTIC 

DATA 

IB 

IA 

VM 

TORQ 

RPH 

HP 

L0S8E8 

EFF 

8918. 

8918. 

57.6 

1228.3 

0  . 

.00 

586084. 

.0 

4459. 

4459. 

88.8 

432.5 

4116. 

339.07 

143432. 

63.8 

3656. 

3656. 

94.4 

351.7 

5016. 

336.02 

94986 . 

72.5 

2998. 

2998. 

99.0 
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APPEDNIX  E 


A  MflKHKdSaTS'-KCra  ■V*\ ^v''.  WV  V 1 


GENERAL  ELECTRIC  MOTOR  DIMENSIONS 


DIMENSIONS:  Open  01  Separately  Ventilated  Motors 


♦  I  !•<■»  are  bolted  hn  type 

M,h  hme  can  be  furnished  with  or  without  feet  When  feet  .ite  specified,  they  can  he  turned 
inward  or  outward. 

♦•fur  blower  ventilation  bo«  tom  half  cover  is  solid 

fix  noen  Ian-cooled  ventilation  screen  covers  top  and  bottom  half  will  be  turmshi-d 

f  Sh.dt  diameters  1  375  inches  anil  smaller  shall  <ome  within  the  limits  of  *0  0000.  -00005 
Diameter  I  MS  inches -0.000,  -OOtll 

Mi  nint mu  fare  will  he  square  and  rabbet  diameter  concentric  with  shaft  within  0.004  in<  h  indicator 
readmit  Shaft  runout  will  not  exceed  0  002  inch  indicator  readmit 

t  V  represents  length  or  straight  part  of  shaft 


APPENDIX  F 


BENDIX  BRUSHLESS  GENERATOR,  TYPE  30BI19-9 


Description 

Utilising  design  features  which  provide  maximum  operating  reliability  with  minimum 
maintenance,  the  30B119-9  will  produce  300  ampB  of  30-volt  DC  electric  power  when  driven 
at  4000  to  10,000  rpm. 


A  brushless  generator,  the  30B119-9  is  designed  for  extended  operating  service.  It  is 
equipped  with  a  fan  which  supplies  cooling  air  for  ground  operations  and  it  will  accept  an  air 
spout  for  blast  air.  The  generator  will  provide  the  outputs  shown  here: 


Altitude 

Feet 

30  Volt 

DC  Output 

Air  Required 

Sea  Level 

300  amps 

Self-Cooled 

30,000 

to  \ 

57,500 

400  amps 

Blast  Air 
at  11  in., 

h2o 

Brushless  Design 

The  30B119-9  has  6  poles  with  two  3-phase  windings  connected  in  wye,  and  separated  by  30 
electrical  degrees  to  produce  12-phase  commutation  of  twelve  output  diodes.  The  diodes  are 

connected  in  two  full-wave  bridges  to  produce  the  DC  output.  No  interphase  transformer  is 
used  in  the  circuit. 

Build-up  excitation  is  provided  to  the  generator  exciter  field  through  “residual  magnetism” 
inherent  in  the  generator.  When  the  generator  begins  to  produce  its  rated  output,  a  portion  of 
this  output  is  used  to  supply  the  exciter  field. 

A  small  current  transformer  winding  brought  out  through  a  rectifier  bridge  to  the  (E-)  and 
(D)  terminals  provides  an  equalizing  voltage  for  parallel  generator  operation. 
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Curvlc  Drive  Spline 


The  generator  is  equipped  with  a  curvic  drive  spline  which  will  accommodate  a  polyimide 
spline  sleeve  with  a  low  coefficient  of  frictiou.  The  sleeve  eliminates  the  metal  to  metal  contact 
between  drive  members  and  smooths  driving  operations. 

Electronic  Components  100  Percent  Tested 

All  of  the  diodes  and  rectifiers  used  in  the  generator  undergo  audit  procedures  and  100  per* 
cent  testing,  including  soak/bake  cycles  at  hot  and  cold  temperatures. 

These  components  are  mounted  on  an  extruded  aluminum  heat  sink  which  provides  efficient 
transfer  of  dissipated  heat  to  the  cooling  air  stream. 

Solid  Epoxy  Insulating  Material 

The  generator  windings  are  assembled  and  held  together  with  welded  stainless  steel  bands. 
The  windings  are  insulated  with  100  percent  solid  epoxy  material  which  not  only  provides 
resistance  to  hydraulic  fluids,  fuels,  and  other  solvents  found  in  aircraft  environments,  but  also 
provides  the  best  possible  heat  transfer  from  the  inner  portion  of  the  assembly. 

Generator  Control  Unit 

Bendix  25812*3  Generator  Control  Unit  is  recommended  for  use  with  the  30B119-9.  This 
GCU  provides  voltage  regulation  and  over-voltage,  and  flywheel  diode  protection;  it  will  an¬ 
nunciate  faults  and  detects  failed  diodes  in  the  generator.  The  25B12-3  is  described  in 
Specification  Sheet  79*180. 

Design  Features 

*  Brushless  design  provides  long  life  and  high  MTBF— practically  eliminates  maintenance 
and  overhaul. 

*  Unit  delivers  full  output  at  sea  level  and  high  altitudes— efficient  fan  supplies  cooling  air 
for  ground  operations  and  does  not  impair  flow  of  blast  air  at  higher  altitudes. 

*  Auxiliary  bearing  system  takes  over  rotor  load  when  main  bearings  show  signs  of  malfunc¬ 
tioning. 

*  Curvic  drive  spline  with  polyimide  spline  sleeve  eliminates  metal-to-metal  contact. 
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Specifications 

Nominal  Output— 30  Volts,  300  Amperes 

Speed  Range— 4,000  to  10,000  RPM 

Mounting  Flange— Conforms  with  AND  10262,  Type  XI 1 A 

Spline  &  Adapter— Per  MS  14169,  Basic  Size  %-inch 

Weight— See  Outline  Drawing 

Auxiliary  Bearing  System 

A  unique  “bearing-failure  sensing  and  auxiliary  bearing  system"  is  designed  into  the 
generator.  The  system  detects  main  bearing  failure  and  provides  a  means  to  prevent  generator 
damage  in  the  event  of  a  bearing  failure. 

The  bearing  failure  sensing  device  and  auxiliary  bearing  system  consists  of  a  small  auxiliary 
bearing  mounted  on  the  generator  shaft  directly  adjacent  to  the  bearings  at  each  end  of  the 
generator,  together  with  insulated  sensing  circuits  installed  in  the  outer  race  support  housing. 
Radial  clearance  of  approximately  .0025  inches  is  provided  between  the  outer  race  of  the  aux¬ 
iliary  bearing  and  its  support  surface  so  that  in  operation,  the  auxiliary  bearing,  as  a  unit, 
turns  with  the  shaft  and  does  not  contact  the  stationary  support.  When  the  main  bearings  begin 
to  wear  or  fail  in  any  manner  such  that  the  shaft  becomes  displaced  from  its  normal  rotational 
center  by  .0025  inches,  the  outer  race  of  the  auxiliary  bearing  will  contact  its  stationary  sup¬ 
port  surface.  In  doing  so,  the  outer  race  of  the  bearing  bridges  the  gap  between  the  insulated 
detector  ring  and  the  adjacent  steel  surface  of  the  support.  This  grounds  the  detector  circuit 
thus  closing  an  indicator  light  circuit  and  alerting  the  pilot  to  the  fact  that  a  main  generator 
bearing  is  in  process  of  failing.  The  sketch  shows  the  arrangement  of  installing  the  detector  cir¬ 
cuit  in  the  stationary  outer  race  support. 

The  sensing  circuit  consists  of  a  low-carbon  steel  punched  ring  installed  in  the  outer  race 
bearing  support  and  insulated  with  Melamine  glass  washers  and  rings.  A  steel  ring  is  shrunk 
into  the  main  stationary  ring  and  pressed  firmly  against  the  insulated  detector  ring  assembly 
with  appropriate  staking  at  the  outer  edge  to  assure  positive  retention  of  the  assembled  parts. 

The  auxiliary  bearing  is  an  extremely  lightweight  assembly  with  a  25-millimeter  bore,  an 
OD  of  1.653  inches  and  a  width  of  .354  inches,  it  is  temperature  stabilized,  equipped  with 
Viton  seals  and  greased  with  DuPont  Krytox  AC  high  temperature  grease.  The  combined 
weight  of  the  auxiliary  bearing*  outer  race  support,  indicator  circuit  and  connecting  leads  does 
not  exceed  .25  lb  per  generator. 


Advantages  of  the  System 

a.  Detection  of  a  main  bearing  failure  is  indicated  at  an  early  stage. 

b.  The  system  prevents  disintegration  of  the  main  bearing  and  supports  the  rotor,  thus, 
preventing  the  rotor  rubbing  the  stator  with  resultant  major  damage. 

c.  The  system  permits  sufficient  time  for  the  pilot  to  take  corrective  action,  de-energizing  the 
generator  and  permits  continued  operation  of  the  aircraft  engine  and/or  the  constant  speed 
drive. 

d.  The  system  permits  re-energizing  the  generator  in  the  event  of  emergency  and  continued 
use  of  the  generator  on  the  auxiliary  bearing. 

e.  The  system  provides  a  means  whereby  the  generators  can  be  operated  “on  condition” 
rather  than  on  a  scheduled  overhaul  basis. 

f.  An  analysis  of  the  cost  per  operating  hour  indicates  that  a  reduction  in  cost  to  one-third 
(two-thirds  reduction)  can  be  obtained  by  the  use  of  the  Bearing  Failure  Sensing  and  Auxiliary 
Bearing,  primarily  in  the  reduction  of  scheduled  overhauls  and  in  the  reduction  in  damage 
when  generator  bearings  fail. 


SENSING  LEAD 

STATIONARY  OUTER  RACE  SUPPORT 
INSULATED  DETECTOR  RING 

0.0025  IN.  GAP 

AUXILIARY  BEARING  OUTER  RACE 

AUXILIARY  BEARING 


AUXILIARY  BEARING  AND  DETECTOR  CIRCUIT 


INSTALLATION  DRAWING 
3011 19-9  D.C.  GENERATOR 


APPENDIX  G 


LOW-SPEED,  HIGH-CURRENT  TEST  OF  WESTINGHOUSE  ALTERNATOR 
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